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INTRODUCTLON

Ultrasonic measurements to a pressure of 1.8 GPa in pure depleted uranium
(DU) by a pulse overlap technique were previously reported by Abey and
Ronner (ref 1). The present measurements with a different technique show that
within experimental errors the present alloying does not markedly change the

elastic properties of the material in the pressure range studied.

EXPERIMENTAL DETAILS

DU alloyed with .78 weight percent titanium was obtained from the 0Oak
Ridge National Laboratory. An ingot cast of U - .78% Ti was first forged and
rolled at 913°K in vacuum and water quenched, thep aged at 643°K in an argon
atmosphere, and water cooled. The quench brought the uranium from the y(bcc)
phase to the a (orthorhombic) phase and the aging treatment served to reduce
voids and residual stresses. The microstructure of the material was acicular.
Observation of the microstructure and shear velocity measurements with varying
shear wave polarizations suggest that the acicular grains had a very mild
anisotropy in one direction. Measurements were made in the specimen direction
which showed nu anisotropy.

The starting material was fabricated into two cubes whose opposing faces
were parallel to .0003 cm over each face. Special care was taken for an even
thin bond. The bonding material was a rapid room temperature curing
cyanoacrylate MIL-A-460508 type 1 class 2 by Loctite; The resonance frequency

of the Lithium Niobate transducers was 10 or 15 Miz. This was considerably

lpobey, A. E. and Bonner, B. P., Jour. Appl. Phys., 1975, Vol. 46, No. 4,
1427-1428.



reduced by bonding and mildly increased by pressure. Pressure was applied in
a Birch-Bridgman 30 Kbar system with a 50-50 Pentane-Isopentane mixture as a
pressure madium.

The measurement method is based on the use of the double balanced uixer,
and is described by Peterson et al (ref 2) (Fig. 1). When two coherent waves
are combined in the mixer with proper amplitudes, the mixer output 1is zero
volts (a null echo) 1if they have a 90 degree phase celationship. This is
equivalent to saying that there is an integer n * 1/4 aumber of rf periods in
the continuous wave (CW) during the time interval in which it takes the
ultrasonic wave to produce the mth echo at the transducer.

The measurement involves finding two frequencies. First a frequency is
found for a null echo, then for another null, m (where m = echo number) extra
periods are included in the time 1interval Ty by increasing the frequency to
s

ntl/% n+mtl/

Ty = ==—=<== = =m=m==m—e—= = qT (1)
m p = rt

The wuncorrected round- trip time in the specimen is

Trt = ——-];~—— = -J..... (2)
£' - £ Afy

The time Ty in reality is gilven by aTyy less any delays. These are caused by
the electronics and any phase changes at the transducer-specimen interface.
One could make estimates of these corrections with available approximate

theories by making weasurements for two or more echoes. These require

2Peterson, G. L., Chick, B., and Junker, W., 1975 Ultr. Symp Proc., 650-653,



measurements at exactly the resonance frequency of the transducer, equal
confidence in measurements on different echoes, and knowledge (not available
for lithium niobate) of the transducer acoustic impedance for the pressures of
the experiment.

We found the most useful approach was to avoid estimates of the above
effects and to evaluate the transit times by a difference method: We
measured the Afm in a given specimen for two echoes m = 2 and m = 3. The
specimen was then reduced in thickness and the Afm was found with the same
transducer and bond. The difference of the inverse Afm for the two specimen
thicknesses gave the travel time for the thickness of the residual specimen
(.4683 cm at P = 1 atm.). Data on a second specimen of equal thickness with
the first was also used and its values fell within the scatter of the first.
Frequencies of measurement were reproduced at equivalent pressures for the

thick and thin specimens (Figure 2).

DATA ANALYSIS

Data were separated according to echo number (m = 2 or 3) thick or thin
specimen and longitudinal or shear wave. A straight line fit of the form
1/Afm = ayP+a], was made through all data of each type by the method of least
squares. Units of P are in GPa and 1/Afm in usec and r is the regression
coefficient (Table I). The linear fit is justified by the high correlation
coefficients and by the small changes in transit times obtained. The transit
times in the residual portion of the specimen were obtained by subtraction
(Table II). On the basis of the regression fit and averaging of the m = 2 aad

m = 3 data, the standard deviations for transit times of the longitudinal and



shear waves are respectively op, = .018 and og = .031.

An iteration process developed by Dandekar (cref 3) was used in
determining the specimen length and ultimately the velocities from the transit
times. Variations in 1+A = BS/BT are included. Here

6(P) = B2(P) BS(p) T/p(P) Cp(P) (3)
where B is the volume expansion coefficient and Cp is the specific heat.
References 4 and 5 were used to obtain the thermodynamic data for estimating
A(P). Because of the small changes involved, the iteration is only performed
at 1.6 GPa; so we only report velocities and bulk moduli at that pressure
(Table ITI). From the slopes of the bulk and shear moduli, we also get dBS/dP
= 5.5 and du/dP = 4.4

Within the error of the experiment which is larger for the pressure
derivatives, these values correlate with those reported by Abey and Bonner

(ref 1).

1Abey, A. E. and Bouner, B. P., Jour. Appl. Phys., 1975, Vol. 46, No. 4,
1427-1428,

3Dandekar, C., Jour. Appl. Phys., 1970, Vol. 41, No. 2, 667-672,
4A1p Handbook, Coord. Ed., D. E. Gray, Third Edition, 1972, McGraw-Hill, NY.
Sfisher, H. S., J. Nucl. Mat. 1966, 18, 39.
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TABLE II. ESTIMATE OF PRESSURE DEPENDENCE OF TRANSIT TIMES
FOR LONGITUDINAL AND SHEAR WAVES IN DU - .78 Ti

OF INITIAL THICKNESS 4.863 MM

Pressure (GPa) Transit Time (ps)
Long. Shear
0.0 1.449 2.439
0.4 1.434 2.413
0.8 1.419 2.386
1.2 1.406 2.358
1.6 1.342 2.331

TABLE III. ELASTIC PROPERTIES

P=20 P =1.6 GPa
VL 3.36 £ .04 km/sec 3.48
vg 1.99 £ .03 km/sec 2.08
BS 111 * 5 GPa 120
n 74 t 2 GPa 81
BT 108 * 5 GPa 117
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Figure 1. Schematic of Measurement.
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